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ABSTRACT 

Factors pertinent to females in American science at 
mathematics-related disciplines are examined, focusing on 
explanations for the poorer' representation of females, their lower 
rank, and their seemingly poorer productivity once within the 
professions. Using a mult idispiplinary approach, some of the usual 
Explanations for their poorer showing are reexamined, suggesting that 
ability, personality traits, and early sex-role socialization are 
hardly a match for the real world constraints, and barriers women face 
in the educational and occupational sphere. A conclusion is drawn 
suggesting that the social processes involved m becoming a 
professional scientist are better explanatory variables ^ than 
individual factors in explaining women's achieve^nents . (Author/JN) 
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ABSTRACT 



Looking at vonen in American science and m3±h related disciplines I wish 
to examine sane of the common explanations for their poorer representation, 
their lower rank, and their seemingly "poorer" productivity once within 
the professions* Using a inaltidiscipli.nary approach I woiild like to 
reexamine same of the usual explanations for their poorer showing suggesting 
that ability, personality traits, and early sex role socialization are 
hardly a match for the real world constraints and barriers voiien face in 
the educational and occupational spheres. I conclude by suggesting tliat 
the social processes involved in becoming a professional scientist are 
better explanatory .variables than individual factors in explaining waren's 
achie j;'ements . 
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I, Introduction 

^spite the fact that approximately equal proportions of wonen aod 

men noW enter schools of higher education, the occupational sex^-segregative: 

pattern still operates — ^with woren still entering predominantly feinale- 
doninated fields. Between 1972 and 1975, for exaitple, women were granted 
less than 10 percent of the doctorates awarded in scientific fields. 
Although today first year college women are more likely to choose traditionally 
• male-dominated careers than they were two years ago, ultimately dif fcanential 
career paths between inen and woren have 'not been substantially reduced (Peng 

and Jaffee, 1979) . " 

Furthermore, those women v*io do work in science and math based careers 
are disproportionately found in lower-level positions (Aldrich, 1978; 
Rossiter, 1978) . Some researchers and writers believe tliat Federal i^^^xDint- 
irents and lav; suffice to rerroiy the problem. But alone such measures are 

clearly inadequate. TaJce, for instance, affirmative action. Cole argues 

f 

that, in academia, affirmative action programs and policies cannot address 
macroeoonimic forces which affect not only new appointments but also pro- 
motions and terminations: 

Since wanen and minorities conprise a high proportion 
of recently hired personnel, these two groups tend 
to be victimized to a greater extent than earlier 
appointments by economic retrenchment. Wherever a 
formal or informal seniority system determines employ- 
ment terminations, those groups who have made the 
most significant recent gains will suffer the greatest 
■ immediate losses. Thus, v^ien the proportion of junior, 
faculty is cut in half, \vomen and minorities are the 
iTOst likely to suffer the greatest immediate losses 
(Cole, 1979:287). 

Cole's arcnjn-ent that tlie interplay of social and 



cultural forces , as one progresses from one stage of the scientific cacreer 
to another r i§ often neglected: 

The absence of an extended temporal perspective fre- 

— -quen1:ly~does"no^^^ 

stand how steps in the career at one point in time 
beocxne conditions for possible steps in a lat^ 
neriod. Careers, are choreographed by both the 
t^^rfonners and the audience. Affirmative action 
plans often underestimate levels of gender bias 
by nat taking a larger perspective (1979:299).' 

UneitplOyment may be another key issue for the next decade. V7estem 
: industrial countries are experiencing a decline in the number of op- 
portunities available for young researchers both in government-supported 
research institutions and in universities. That is, the coiibined iinpact 
of slovang enrollinent growth in ^universities and reduced government 
research expenditures has greatly reduced the number of^^^enings. The 
Carnegie Cornell reports that "the fields \vith the smallest proporticns of 
young doctoral faculty in 1977-8 were physics, biochemistry, botany, rfimistry, 
and chemical engineering - all fields in which the percentage of young 
doctoral faculty was already quite low in 1974" (1981:376) . The National 
Research Council Commission on Human Resources concluded in its report 



Even if enroHirents and numbers of faculty stay constant 
and R&D support keeps up with inflation- and more optimism 
than - that would be unwarranted even at the most prestigious 
institutions- the current age distribution of the faculty 
implies a significant reduction in new hires over the 
next ten ye£irs in some fields (1979:38). 

The annual rate of change in young doctoral faculty as a percentage of 

total doctoral faculty has shown the rate of decline as particularly 



pronounced for the following disciplines: mathematics, physics, chemistry, 



and engineering. In these fields (except for cdiemistry) the percentage of 
elderly faculty is ^ticularly low, indicating that few positions v;ill be 
opening up because of ^ retirement or deaths (Carnegie Council, 1981) . Uiis 
is a particularly pronomced problem for women v*io ccxr^se a growing pro- 
portion of Phd scientists. 

II. statistics on Vfcmen in Science and f^ath Based Careers 

Despite the rapid and si±)stantial increasas of wctnen and minorities 

in the number of earned degrees in the sciences and engineering (AAAS Nsws, 

1978), particularly in the 1970' s, such increases have not been matched in 

Qtployment nor advancanent once within science based occupations. The most 

recent statistics indicate the following: c 

At every degree level, in every field of science, 
within every age group .•ifOnen continue to have 
higher unennplovrnent rates than inen. In 1977, 
the uneitployment rate for vramen doctoral scientists 
— arid engineers was 3.6 percent conpared to a rate 
of 0.9 percent for men. This shows little improve- 
ment since^l973 v*ien male science and engineering 
doctorates again had a 0.9 percent unenployment 
rate oorrpared to 3.9 percent for wanen. 

Relative unemployment rates are one measure of 
progress; another is salary differences. In 1977, 
as in all previous years, a large and significant 
difference in salaries continued to exist between 
'^fully ccxnparable men and women scientists. Except 
for new baccalaureate graduates in engineering, 
men received higher salaries than vx^men in every 
'field, at every level of experience, at every degree 
level, and with every type of employer, and in many 
instances that salary difference has increased since 
1970. 

Another important indication that women are not moving 
upward professionally at nearly the rate of their climb 
in educational preparation is their proportion of employ- 
ment and academi.c rank among cohorts of academically 
employed doctoral scientists and engineers. Among all 
those who received their Ph.D.'s from 1970 to 1974, 4.4 
percent of the men but only 2 percent of tiie vjomen have 
reached 'the ran]<: of professor, /^mong men, 29.5 percent 
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are associate professors but only 17.8 percent of the 
wotten have -reached this rank. At the botton, only 10.8 
percent of the men are Still instructors or lecturers 
but 18.2 percent of the vonen hold this rank. The vari- 
ance holds true in every field (AAAS News, 1978 r507) ^ 

In addition i\AAS Nev/s concludes that while minority inen are pro-. 

gressing in the professional labor force at canparable rates to white 

men of similar credentials, minority women are statistically camparable 

to majority women in their slower advancement. 

Moreover, coitparisons to men only and outside of an historical 

pattern can be sortev^iat misleading. For instance, the proportion of 

vonen anong all science and technical enployees has dropped over the last 20 

years, a period noted for its rapid growth in the science population and 

for the itovenent of increasing numbers of women into the labor force 

(Zuckerman and Cole, 1975) . We get a better perspective on rates of change 

when we compare trends across tiane. For instance, only 10 out of every 100 • 

Ph.D.'s in the physical and biological sciences and 6 out of every 1,000 

in engineering were granted to women in 1972. Between 1920 and 1929, 

wonen received about 11% of all physical and biological science Ph.D.'s 

(Zuckerman and Cole, 1975:82). Furthermore the present rate of approodmately 

13% is a conposite estimate. Stratification within the Ph.D. market is 

clear wiien we note that women are receiving only about 7% of the degrees 

for physics, atronomy and engineering and 15% for the biological sciences. 

Table 1 shows the distribution of vromen in the scientific vrork force. 

Furthermore, rates of increase do not answer the more critical problem 

of retention of v/omen in science and math based fields and in the more 



^Woiran comprise approxiinately 13% of all U.S. scientists and less than 
2% of engineers (1977 Fiscal Year) . 
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Table 1 



-Ml-seienee&^eng^ineering- fields -— -9 .7% (27^282) 

Math/conputer science 6.9% (1,151) 

Physics/astronoTY 2.5% (646) 

Chemistry S^^o?"^^ 

Earth Sciences 3.6% (JJ^J 

Engineering ' .. 0.5% (231) 
Life sciences 

agricultural 2.0% (261) 

iT^ical / 13.0% (1,018 

biological . 15.6% (7,742) 

Psychology 23.1% (7543) 

social Sciences 14.0% (5807) 



Soarce- Gilford, Dorothy and Syverson, Peter. Summary Reports 1977 and 1978 
•'Doctorate Recipients from United States Universities. Camdssion on Human 
Recources, National Re.?earch Council, February 1978; r/Iarch, 1979. National » 

Academy o f Sciences. ■ = r- — -.o-,^ ^a■ — 5 

WNote: — National Center for Education Statistics reveals m 1976 40./% of 
matl-i'e.S. were wcanen, 34.0% M.S. degrees. 



prestigious specialities; nor do tliey address the problem of retaining 
wcmen in the prestigious science and math based professions. Are vie / 
producing second-class citizens in the science and math fields? For 
instance, the statistics suggest tliat, once within the field, x-xmen liave 
a different career path pattern from that of men. Aldrich (1978:127) re- 
ports that women scientists and engineers are more likely than men to change 
from their doctoral specialty to another field after 'they have graduated. 
Ott (1978) found from a sample of 16 engineering schools that 68% of the 
vonen comE^ared to 43% of the men who left engineering transferred to another 
major within the college or university. Further, more tliat 245 of the men 
compared to only 101 of the wotr,en departed because of academic failure (Ott, 1978) 
Regardless of differences in tyrx:s of enploynent, uonien liold lower ranks -than 
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men in industri^ and universities (Parrish, 1962; Bernard, 1964; SdiTKDn, 
1967; Bayer, 1973; Cble, 1979). ^fcmen are most often found in nonsupervisory 
positions -and positions which do not provide permanent tenure (Bayer , 1912)^ 
Cole and Cole (1973) note that, among university faculty, although men and 
voten may begin careers with the same rank, men generally hold higher rank 
seven years later, even v*ien the quality of research output and seniority 
are held constant. Perhaps the clearest evidence of women's relegation to 
the lower echelons is that, even among scientists of both sexes v*io have 
never published, wonen .do less well in rank and appointment (Cole and Cole, 
1973). Cole's more recent reanalysis of earlier data suggests that differences 
in reputation and visibility (status) betv;een men and wcxnen can be aocounted 
for by men's greater productivity (in numbers of papers published). However, 
differences remain in academic rank (men higher than vonen) irrespective of 
productivity (1979) . 

The findings in the na,v classic pieces on women in science in the 1960 's 
(Mattfeld cind Van Aken, 1964; and Possi, 1965)— that women in sciences w^re 
paid less, were in lower-level specialties, and tended to be unmarried:— are 
still evident "today. Explanations for such findings often hinge on some 
faulty assurptions aboiit voT>en's "trustworthiness" as professionals. One such 
rryth is thiat \>Jomen dp not use their talents. There is ample documentat3.on , 
however, that educated women do indeed use their talent's in the paid labor 
force. As Deckard (1978:86) reports, the more educated the \^omn, thie more 
likely she is to work. Anong women with a high school education, 31. &% are in 
the labor force. For high school graduates, the percentage increases to 
52.5''^ and for those v/ith four years of college to 64.1%. 
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- — \Even more inpressive are the data reported by Simon (1967) in her 
study of Ph.D. 's. Fully 96% of unmarried vonen and 91% of those "irvarried 
Viorked full tine. Of those rnaixied^ m ... 
full tiire and 25% part time. Astin (1973) supports Sirton' s findings., Among 
votien v*io received their Ph.D.'s in 1957-8, 91% were working, 81% full time. 
Seventy-nine percent (79%) of those voren had not interrupted their careers 
in the decade following the receipt of their doctorate. In fact, Cole notes 
tfiat there is no indication, either historically or conteirporarily, that mar- 
riage hurts published productivity of either sex, although it does, he notes, 
help the productivity^ of men more that it does that of wonen (1979:252). 

Drployment histories of v,omen holding doctorates in science are re- 
markably stable. There are, for exanple, rip differences between men and 
women holders of Ph.D.'s in the mecin number 
entire caojeer (Harmons, 1965) . Furthermore, 
tardiness or absenteeism than professional- men (Deckard, 1978:147). 

It does not appear that wonen are less "trustworthy" in their careers. 
Perhaps then to explain their lower ranks, should look to their academic 
achievements. On standardized tests women do not appear less intellectually 
able. In fact, women vdio obtain doctorates in scientific subjects do soriewhat 
better than carporable men on standardized tests (Zuckerman and Cole, 1975; 
Cole, 1979). 

TVnother explanation offered for women's lower rcinJcing witliin the oc- 
cupations is that women are less 'productive than men (Zuckerman and Cole, 
1975). Cole's analysis of four scientific professions 

(chemistry, biology, sociology and psychology) reaff inns* his eairlior conclusions 



of employers they have over their 
, professional wonen show no more 
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abDut v;c^nen's "inferior" productivity. Both Reskin (1980) and Mason (1980) 
have roundly criticized Coljs's analysis. Mason questions Cdle's measures ^ 
of research quality. "This measure is based on the, number 6f citations of a , 
scientist's \\iOTk appearing in other scientist's papers (those published in 
journals at least) : the count is made irrespective of the number of papers 
the scientist has published. Because vonen publish fewer papers than men 
do, the seeming low c[uality of their work as measured by Cole may result 
entirely from the relatively low rate at which they publish, not frora any 
' lack of intellectual merit in individual publications" (r^son, 1980:277). After 
conputing partial correlations, between sexual status and research qi.iality, 

1 ' TP , 

while controlling for niimber of publications, Mason concludes that on a "per-- 
publicatipn basis" women's contributions are as significant, as men's. There- 
fore 3he notes that only in number of papers, not quality, are women's 
contributions and productivity inferior to men's. 

Reskin's work (1*578; ,1976) on productivity rates among chemists openly 
challenges qpl^s conclusions. She suggests tliat the evidence on 'productivity 
is mixed and inconclusive. Although she reports that male chemists outpublish 
vA^men chests, she notes that they do so to a lesser extent than imagined 
(most differences were too small to attain significance) and that explanations 
for these differences have not been pursued (Reskin, 1979) . Reskin's work 
reflects on some^of the key problems facing women in science and math based 
careers. VJomein, unlike men, Ccinnot seem to translate tlieir resources into 
advantage once within the marketplace. In her suninary^bf her work done on the 
relationship between postdoctoral experience and later occupational status and 
productivity, Reskin writes: 
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The male sample members' careers e^diibited the expected 
pattern of relationships; calibre of professional training 
and graduate schcx>l performance were associated vath 
receipt of a prestigious award, Which in turn was associa- 
ted wi^fh high-status positions and Scientific productivity, 
illustratir^ the accumulation of advantaiges, . . Iji contrast 
the fennale cihends ts accumuTa^^ advantages with respect 
to the postdoctoral experience, . . (1976:60?) . 

If women seem to equivocate or falter once recruited into science* and 

engineering, we might look io sane of the structural soiorces for such 

equivocation. Attrition rates do seen to be higher for women students in 

science (54%) than for men (26%) in those fields (Zuckerman and Cole, 1975:88). 

Wfe' should note, h^ver, that wcanen's attrition rates are lower in sci^ces 

than they are in history) English, political science and sociology (Sells, 1973) 

In addition, wcneni more than men, do se^ to delay their decision to pursue 

graduate work in science based careers, even though they exhibit an interest 

in science at about the saine time as males (Zuckerman and Cole, 1975). Why 

the equivocation? 

Together mth \Aliite (1970), Epstein (1971) was among the early writers 
interested in studying the informal, subtle social processes that affect 
wonen's participation in male-dcminated professions. It was iJhite (1970) 
identified the information which is "caught" not "taught" as critical for 
, educational and professional success. Because \^roroen have traditionally been 
ascribed to a "deviant" status within male-dominated disciplines and oc- 
cupations, they often have been excluded from crucial learning arenalg. The , 
failure to include woiren in the informal professional socialization processes 
remains one of the primary constraints vromen face in their career development. 
Because oE this exclusion they are denj.ed the soci£il control mochani.sms, tlic 
seminal m-ntor-protege relationships, and the appropriaLo information about 
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haw they are perceived vMch, in turn, helps to fomulate an accurate self- 
perception. 

There appears to be sorte evidence that vvoinen do not perceive" themselves 

as having beei> "mentored" in graduate school as much as inen (Sells, 1973) . 

i 

\*3rnen faculty rarely initiate mentoring relationships with either mala or 
lemale students accoring to Moskros, Erkeet and Spichiger (1980) 's stxsdy of 
40 prbfessors from two selective liberal arts colleges in the Boston area. 
Perhaps even ^more interesting, however, is t±ie finding that v*ien woren did 
nentor they tended to be less directive than men and seemed uncomfortable 
with the idea of influencing or directing students (1981) . Men also tended to 
maintain their mentor-protege relationship over a longer period of time than 
VCTTien. 

Once within the professions, women find themselves with limits access 

•1- • ^ ' ' ' ' 

to resources and less fully integrated into the scientific conmunity wxthin 

^ their field of specialization (Zuckerman and Cole, 1975). Vetter (1976) notes 

that science remains a man's world, "domn.nated by a male fellowship in which 

fQV7 women have an opportunity to participate fully (1976:720.) 

She writes: * ■ 

No women scientists can yet be elected to membership in 
t>.e prestigious Cosmos Club in Washington, D.C.; only 
twenty-five women are among the. 1,134 living members 
of the National Academy of Sciences, and six of these 
twenty-five were elec^ted^ in 1975. Among these, are 
only one chemist, two physicists, and one ecologist 
(1976:720) . 

If the informal socialization processes^ wherein competence and profes- 
sional identity are built up, seem denied to women, the structural reality 
presents no inore sanguine a picture. There is aitple evidence thatj/y^ien are 
paid less. Furthermore, the gap between women's and men^s earnings appears ^t^^^ 



\. ... 
be increasing. In 1970 the median annual salary for women in all scimtific 

fields was $11,600, or 76% of the $15,200 median salary for men. In 1974, 

wcmen earned $14,400 (median) corrpared to $19,700 (median) for men. This 

represents a decrease to 73% of men's earnings. In 1972, for instance, all 

engineers vd.th 11 years experience were conpared. Hie median salary for wonen 

was $14,200 conpared to $16,700 for men. This is at the same time that wcmen 

in engineering had increased fron 7,000 to 19,000 in numbers, growing at about 

four and a half times the rate of men. The pattern is consistent in other 

science based professions. That is, among full professors of physics women 

earn 90% of v*iat men do and among microbiologists they earn 75% of v*iat men ^ 

do (Handbook on \\tomen Workers, 1975) . In 1977, the median salary for women 

Ph.D. scientists and engineers was only $20,700 compared to a median salary of 

$26,000 for errployed Ph.D. male scientists and engineers (National Academy of 

i . ■ 

Science) . v " ^ 

III. Individual Factors in the Educational and Career , 
Development Process; Ability, Personality and Sex Role 

, ( 
In the remainder of this paper I v.ould like to summarii:e seme of th.^ key 

arguments that 'have been used to explain ^AtDiren^s pooreer achievements ocm- 

pared to men in science and math based professions, main purpose is to 

bring together research literature from different disciplines generally not 

reviev-;ed together. My purpose is two-fold: to encourage an interchange among 

those researching, and vari ting about women but in different academi.c disciplines; 

and to encourage,, through- this interdisciplinary effort a more conpelling 

.critique "of tbs-lTsual explanations offered" for women's poorer shoving in math 

cind sciericc related professions. ... ) 
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A favored arena^ certainly through the 60 's and 70* s for^ research on 
male and female achievonnent patterns has come fron the early child deveicjp- 
ment literature and mostly from a psychplogica^l and social psychological 
perspective. . It is in the early child reering experiences that children are 
thought to learn achievert^t oriented behavior and develop the accarpanying 
personality characteristics necessary to succeed. A high need to achieve is 
considered irrportant for the persistent effort and striving for excellence vMch 
is thought important in the pursuit of math and science based careers. 

Many writers have argued in various ways that female achievement behavior 
is motivated not by the need for achieverrient but rather by the need far 
affiliation (Crandall, 1963; Field, 1953; French ^and lesser, 1964; Crandall, 
Dewey, I^tkovsky and Preston, 1964; Veroff , 1969; Hof&nan and Maier, 1966; 
Carey, 1958; Hoffman, 1972). The distinctions are irore than academic. 
Achievement efforts based on affiliation motivation are thought to be de- 
pendent on, external social rev/ards such as praise and love. .Achievement 
efforts based on achievement motivation are thought to be. based on internalized 
standards of excellence rather than reinf orceinent from- others. Therefore 
while girls achieve well academically, certainly in the ecirly years, and 
often better than male children, their achievements are theoretically de- ^ 
scribed as based on the wong rrptivation. Persistent striving toward excellence 
and the risk taking necessary for scientj.f ic accaiplishment are thought to be 
better served by achievement rather than affiliation motivation. Interestingly 
the empirical data have not necessarily 'supported the iinputed sex differences 
in iTotivation. For instance, sex differences in. regard to social approval and 
disapproval have not been consistent. That is, elementary school and college 



stiJdent females have shown as high if not higher effort and performance 
as males even vAien their "performances have been critimzed (Hill, 1967; 
Stem, 1969; Cotler and Palmer, 1971; IwWius, 1965; Heatherington and 
Pdss^ 1963; Yonge, 1964). Authors of two major "arid exhaustive research 
reviews come to almost the same cx)nclusions. Stein and Bailey agrue that 
vMle social skills are a central achievement concern for many females, this 
does not imply that their achievement efforts "are instigated primarily by 
affiliation motives or desire for social approval per se" (1976:245) • 
' O'Leary in her perceptive review also notes that young girls value academic * 
"achievement and set high standards for their own performance" (1977:101) • 
Furthermore, recent research has suggested that acliievement striving in young 
males may be as dependent if not more dependent on the approval of others 
than heretofore claimed (Veroff et al, 1975; Kipnis, 1974; see also M. 
Brewster Smith for an early critique, 1968) . 
\ Results such as these are forcing psychologists and other social 

scientists to rethirJ<: explanations for different achievement between the 
sexes. A related area of research that has come under scrutiny is the motive 
to avoid success studies. Coming from the same formulations (eiq^ectancy-^value 
theory of achievement) as the motive to achieve, the motive to avoid success, 
(fear of success) was popularized by Matin'^ Homer in 1968 and continues to 
be described by her as a stcible characteristic of the personality acquired y 
early in life in conjionction with sex role standards, ''it can be conceive^^as 
a disposition (a) to feel unccmfortable when successful in competitive ^. 
(aggressive) achievement situations because such behavior is inconsistent^ 
with one's femininity (an internal standard) . . (Homer, 1978:49) . 
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Subsequent research has been weak in the support of sane of the early 
formulations about the motive to avoid success. After his ejdiaustive review and 
critique of the fear-of -success research, Tresemer concludes: "POS has 
shown no relationship to gender-role identification" (Tresemer, 1970:229) • 
In other works, the numerous scales, measures, and questionnaire iterss de- 
signed to discriminate high and low achievers in relation to sex role beliefs 
and attitudes have proved inconclusive. Identification with stereotypically 
traditional sex-roles appears to have little or no relation to the degree of 
one's fecur and anxiety concerning successful achievement. 

Perhaps even more critical to the fear of success formulations was*the 
notion that this anxiety syndrome was found more among women than among men. 
Using only those saitples in which both males and females from the same s?jb- 
population were assessed, Tresemer found no overall evidence of greater 
incidence of fear of success among women. He even partitioned the data by 
date of collection, age of subject, and/or rough estimates of the achievement- 
related atmosphere but still could find no greater differences between men 
and women. Therefore the cumulative records for eitl:ier motive to achieve or 
the motive to avoid success has shown that neither are particularly good 
explanations for different achievement patterns between the sexes. 

Another personality trait often used to explain worry's different achieve- 
ments from men's is dependence. It is presumed that independence and self- 
reliance produce in males the greater analytic and mathematical abilities 
necessary for the pursuit of a scientific or engineering career. Are little 
girls more dependent than little, boys? Eleanor IVIaccoby senior author of 
one of the best comiiendia to date on the psychology of sex differences 
virtually recants on some of her earlier \^^:itings about girls' greater 
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dependence than boys'. In her own words she begs her readers indulgence for 
~ previous sins and states: 

The 1966 Maccoby paper attenpted to explain sonie portion 
of tlie sex differences in intellectual performance in 
terms of sex differences in per^nality structure... 
These arguments have not stood up well under the iirpact * 
of new evidence appearing in the intervening years... 
there is now good reason to doubt that girls are irore 
dependent in almost any sense of the word than boys 
(1974iL32). 

~ Later ori\^ that same chapter she notes that sex differences in fear, 
timidity, anxiety or cannpetiti^/eness among young children remain open to 
debate because there is too little evidence or because the findings-OTEr- * : " ^ 
ambiguous. ThaX^is, key sex differences thought to make a difference in the 
pursuit of a successful professional career and thought to have been acquired 

early in life such as dependence are open to debate because tliere is too 

little evidence for scientifically supporting them. Other traits believed 
to have been incorporated into the personality in conjunction with early sex 
role socialization have also ccsne under scrutiny. Maccoby and Jacklin (1974) 
report that there are virtually no differences bet^veen the sexes with regard 
to achievement motivation, risk taJcing, task persistence or other related skills. 

Biologically based differenc:es are often used as an explanation fer wanen's 
poorer sho^;ing in math and science based careers. Perhaps the current biological 
explanations are not as ludicrous as the turn of the century obsession with 
women's VKxdis and small brains but the title of a recent Science magazine 
article suggests that the biological concern is still with us. The article: Ma-th 
and Sex: Are Girls Bom with Less Ability? has stirred an old controversy. 
'x^Chipman in her letter to tine editor of Science responded to the article by 
Voting that vAiile very high SAT math scores can be found among jmior high 
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schcxDl boys than girls, it is invalid to conclude from such findings that boys 
are bom with more math ability than girls. For instance, she notes that 
similar results are not found in the general population of students. In a 
second IVIath Assessment in 1977-8, thirteen year old ^females performed better 
on corrputation items while males performed slightly better on problem solving 
items. The difference in algebra performance favored females although it was 
not statistically significant (Chipman, 1980) . Chipman also notes that a 

\ 
\ 

secondary analysis of the longitudinal Project Talent sairple indicates that 

course enrollment accounts for most of the sex d^^ 

specifically stressing that only one fifth of one percent of the variance 
could be attributed to se^^;^"" In fact, most sex differences (for' the general 
population of studentsi>^emerge after 10th grade when most advanced math courses 
becoTie elective. A relevant fact is that females choose feiver math oourses 
than males. Fennema and Shenran (1977) suggest that the' average luath achieve- 
ment scores for males and females are very close among those students who have 
taken the saire number of courses. 

Chipmem's main critique is leveled at the notion that math ability is' 
truly measured by math SATs. She notes that the corrplicated human cognitive 
function associated with ability has not been successfully linked to testing. 
She writes: "Content analyses have shown tests labeled as aptitude or ability 
to be indistinguishable from achievement tests" (1980:^^) • Furthermore, while . . 
math tests may measure knowledge, math reasoning is mot^e closely linked to 
performance on word problems. Girls are often reported to do less wisll than 
boys on word problems. Chipnan points out, however, that analyses of the 
content of SAT and other test problems have found the content to favor males 
in a ivay tliat can affect problem solving performance. Chipnan specifically 
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poirats out that girls perfonrv.well on tests of corputation and algebia where 
such content bias is not a possibility. It seans then that the real question 
has less to do mth ability and irore to do vdth exposure to inath experiences, 
rewards, and opportunities to develop skills. 

Perhaps. a bit ironically it appears that wprnen Phds on average have 
slightly higher (not significantly) I.Q. scores than that of inale Phdsj and 
that at every level of doctoral department prestige, on the average, itonen 
have higher I.Q.s than their male colleagues (Cole, 1979:159). In addition, 
there is^ Iess var^i^ I .Q. Scores between departments c£ 

varying ranks f5r wome?i than for men (Cole, 1979:159). Therefore on standard- 
ized intelligence tests, although we ndght not know exactly what is being 
measured, we do know that female Phds have more of it than male Phds. 

In fact, in the areas considered critical for those entering science 
and math based careers, Maccoby and Jacklin (1974) emphasize that, although 
the findings still indicate that boys do better in math and visual-spatial 
tasks and girls in verbal tasks, such differences do not emerge until relatively 
late in development and the magnitude of such differences has not been 
established. They argue that the greater skill adolescent boys displ^ on 
visual-spatial tasks (usually embedded figures tests) should not be generalized 
to the belief that boys are superior in analytic thought processes. Sherman 
(1976) notes that analytic tests that do not have spatial coiponents show no 
significant differences between males and females. Maccoby and JackliJn (1974) 
also report that both sexes shift toward higher level problem solving ^strategies 
from childhood to adulthood at the same rate and v/ith equal success. Sherman's 
(1976) review of the data on biologically-based gender differences strongly 
suggests that, if any differences do exist between the sexes, they can easily 
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be overcxxne by training. Socialization processes in the early years, 

! 

vMch are presijmed to promote differential motivation, ability, or personality 
traits between the ^ sexes, do not appear to be th*^ most fruitful line of 

inquiry \A\en explaining women's poorer performancpe in science and math^ 

i ■ • 

based careers. ; 

In general, since sex differences in the ar^as presumably related .to 

j 

. science and math based careers do not appear untfil adolescence, a more 
fruitful inquiry might focus on the ways in whi^h the schools affect such 
developirent. Miriichin (1966) has offered some /direct evidence that less 
traditionally oriented schools tend to produce/ youngsters with fewer sex 
based behavior differences than more traditionally oriented schools. In 
addition, Fennema (1976) suggests that the measurement of sex based differences 
might be affected by the characteristics of populations under study. For 
example, since more teenage boys than teenage girls drop out of school, she 
conjectures that the sanple fron wMch data is collected for boys is nore 

homogeneous (higher achieving boys remain in school) than the heterogeneous 

/" 

sanple of girls (1976:348). , 

From the earliest of schooling experiences, the research data indicate 

that teachers' expectations influence children's performances (Rist, 1970; 
. Insel and Jacobson, 1975; Rosenthal and Jacobson, 1968), although the effects 

are not always entirely clear or in the expected direction (Kohn, 1975) . 
.Insel and Jacobson (1975)^ conclude from their work that teachers vary the quality 

of theix relationships with students depending on their expectations of them. 

Lc^vy (1972) has documented that stereotypes lead to different expectations; 

for example, teachers expect nvales to be dominant, independent and assertive, 

while they ocf^ct females to be sufcsrdssivG, unassertive cind concen^ed about 



their appearance. Later schooling experiences channel vonen into gender^ 
roles as well, l^hitehurst ( 197^6) notes that high school girls more often 
join "future homemaker" clubs and "pep" clubs, vMte boys join science and 
math clubs. Perhaps even more depressing .are Astin's fiiidings (1973) that 
high school girls v*io had had job counseling were more likely to select office 
v^ork and the role of housewife than were those who had no counseling. Fox 
(1977) suggests that sex typing of math as a male occupation or assurrptions 
that girls would not need it later in life are powerful explanatory farces 
for patterns of course enrollment in math. Strauss (1981) notes that a lower 
percentage of women than men enter college wanting or academically prepared 
for scientific or technical degrees. 

IV. - Structural Factors and Socicil Processes in the Educational 

and Care er Development Process: ^Constraints and Opportunities 

The structural barriers to women in schools of higher education have 
received almost as much treatment as those of early educational experiences. 
Roby (1972) has discussed the organizational patterns and practices v^ch 
hinder women in obtaining higher educational' degrees. The discriminatory 
practices against women (in admissions and financial support) have been doc- \ 
u-pented by otlier researchers as well (Freeman, 1979) . Women transferring or 
returning to school have been plagued by many of these problems and more: 
residency or instate requirements for regular tuition, full-time status 
expectations, difficulty in transferring credits. Usually these are married 
women changing college campuses to be with their spouses (Tittle and Dsnkar, 1977). 

Without institutional supports married \%omen may find the dual role of 
graduate student ovcrwhcljraing. Feldmon (1974) notes :that the most ccradtted 
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and active graduate students were the divorced vramen. VJhile wanen apparently 
freed thanselves frcm a conflicting situation, men, vjhen divorced, seenned to 
lose a supportive relationship. It is perhaps no wonder that only 50% of all 
women with doctorates in science are narried and living with their spouses 
canpared to 90% of it^ (Astin, 1969) . 

A review of the literature leads one to wonder, as Samuel Johnson once 
did about women preachers, not how v/ell they do but that it is done at all. 
A look at the survivors indicates that women v4io do embairk on engineering and 
science studies seem to differ on family background. For instance. Dement 
(1963) in his study of 129 female California college students in engineering 
and science indicates that they frequently are offspring of fathers of either 
very high or very lo^v education. He claijns tliat highly educated fathers sean 
amenable to "all areas of knavledge" for their daughters, vMle less educated 
fathers view such a career choice as practical. Dement (1973) also found that 
undergraduate women who choose and persist in science or engineering curricula 
have had a long cuiosity-arousing early experience. Cropper and Fitzpatrick 
(1959) indicate that women vjho^ enter graduate school are more apt to be in- 
fluenced to do so by experiences in undergraduate school than are the men v*io 
" enter. 

Strober and Reagan (1976) report that women who majored in eoonanLcs as 
undergraduates were ndre likely to hav^ made an early (precollege) decision 
to be an economist and to have taken irbre years of high school math than the 
average student. Field (1961) reports that high school and college teachers 
arc a primary influence for over one quarter of a group of forty--eight (48) 
doctoral candidates at Penri State University. Field (1961) concludes that, 
in general teachers are more influential among graduate students in the natural 
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sciences from lower SES' levels than among those fron higher social status 
backgrounds . 

What little data have on black wcmen suggests that they are nare 
career-oriented than their vfcite counterparts • For instance, Wilson ,(1969) 
found that black stiodents v*io were attending highly slective v/onen's oolleges 
v;ere more likely to as'^ire to academic and professional careers in addition 
to inarriage and family than their vihite classmates. ' They were also more likely ^ 
to view college as preparation for a career than as the foundation for a well 
rounded personality. They were also more likely than tl^ir vtote classmates 
to aspire to graduate or professional training. In addition, Steinmann and 
Fox (1970) found that black wanen undergraduates, irore than white vraten, 
believed that men want vonen to have both self-actualizing and family-oriented 
goals. 

Mentoring either in the form of an early significant other or dijrectly in 
the form of a mentor-protege system seems innportant for wonen's educational and 
occupational achievements. However, the lit.erature on role modeling is airr- , 
bivalent. Although there are data which suggest that same sex-role models ax^ 
important for recruitment into and maintenance in nonstereotyped f i-elds for 
women (Thompson and Leven, 1977), the sex of a waran's role model, at least 
at DartiTXDuth, seems not to have affected a wcsn^'s decision to major in a 
certain field. There is clearly a paucity of /research in this area. In effect, 
we know very little about the "everyday" ].ife of students and those issues 
which impact upon them the rrast in their career development. 

Wg know even less atout women once they have ' embarked on their careers, 
we do know that tliey'are tracked into tlic lower echelon level jobs; v« do 
know that they are paid less than incn v/ith ccjual trciining and ecjual qualifications; 
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• and we do know that they are less likely to be tied into the informal net- 

i 

works." For instance, Kaufman (1978) suggests that academic vonen either by 
choice or force are deluded fran the informal collegial networKs. Ttany 
researchers have, theorized that such exclusiorv' severely reduces vonen* s 
access to the necessary resources for thfeir advancement (VJhite, 1970; Epstein, 
1971; Lorber, 1975) . Tly focus on acadoidc women's exclusion is particularly 
importcint, since "academe is the training ground for scientists, is the locus 
of over half of the ba^ic research done in America, is proportionally a 
greater enployer of wcmen scientists than are industry- and government^ and is 
the horfte base for most of the scholars who have written about vonen in science 
(Aldrich, 1978:135)." - 

The research suggests that we are very delin\ited in our understanding of 
the v;ork conditions WQUien face, particularly at the interpersonal level, as . 
tliey enter the male-dominated professions. We know a good deal about at- 
titudinal data and preferences, but we know very little about the reality of 
their work-a--day lives as they progress from one stage to anotlier. ^ Cole v;rites 

Although it seems intuitively obyious tliat worlen suffer 
from accumulating disadvantage throughout their careers, 
the particularities of this process are largely uninves- 
tigated. VJe kna>r very little about specific points in 
the life histories of women that boake more or les^ of a 
difference in distinguishing their asf)irations fron 
those of men; we know next to nothing about k^ pressure 
points in their histories; we know almost nothing about 
the~vEys that cultural pressures interact with individual 
traits, such as talent, to influence specific occupational 
choices. VJe have hypotheses. We need adequate data and 
analysis ( 1979 : 284 , underlining mine) . 

VI. Conclusio n • ' - 

It seems clear that wo need the insights of many disciplines in order 
to hkilancc our interpretations of women cind their scien^tific achieven^aats. A 
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balanced \approach allows vts to view perf onrance as a dynamic and continual 
process. Wfe need not assert that attributes or moti/ations thought to be 
fonnalated in conjunction with early sex role learning are rooted forever 
in the personality or 'that they will remain the same throughout the life 
course. They will change with the social context and the opportunity structure' 
available. I'd like to conclude by reexamining the issue of productivity. 
For herein we^an juxtapose powerful kinds of explanations for wcmen's poorer 
showing cartpared to ren's. Is men's greater productivity due to greater natural 
.ability, research skills, and motivation or to the context in viiich they 
work, the facilities, assistants, sponsorship, and netx^orking available? 
Although both explanations might well work in conjunction with one another to 
'answer the question it is in.portant to unravel the critical issues in this 
debate and the sequencing of events in the scientific career cycle. 

Cole and Cole's work (1973) offer an interesting perspective on the 
sequencing of events. They \^Q:ite: "People who have done well at tiiie 1 have 
"a better chance of doing v/ell at time 2, independentl y of their objective 
role-p erformance ; the initially successful are given advantage in subsaquent 
coirpetition for rewards" (1973:235, underlining mine). Inng, after ocnpletiTig 
a longitudinal study of Phd biochemists, notes the following: "Our results 
suggest that those who receive .prestigious positions at time 1 have a better 
chance of .doing well (in terms of productivity) at time 2, independently of 
their earlier productiviey" (1978:905) • But Long argues that his findj^ngs 
differ fran Cole and Cole's on one very important issue. He writes: 
"Advantage accumulates not to those wiio hcivo teen successful at time 1, 
but to those v.tio have received the advantage of a prestigious positiai for 
rea-isons independent of their prcxlu ctivity at time 1" (1978:905, underlining mine) 
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Long argues that his data suggest that productivity does not signifiaantly 
affect one's first job placeament. If this is so then perhaps the evaluation 

r 

of one's vork, one's achievement per se, is less critical than one's edu- 
cational career "background (e.g., presitge of graduate school, itentorSj, etc.). 
There is scnie evidence, however, that even if men and. women were to share 
the saine educational background (i.e. presigious graduate department) their - 
experi^ences within these departments would be quite different. 2 Their 
mentoring experiences appear to be different. Moreover, as Reskin points 
-out, at least among chemists, women seem to accurrulate no advantage, especially 
*with respect to job placement, from their postdoctoral experience the way man 
do. 

Interestingly, if departmental prestige affects productivity and not 

vice-versa, Ldng questions just what it is about departmental prestige that 

prximDtes productivity. Perhaps, states the author, the relationship between 

productivity and departmental location may be due to departi.iental character-- 

istics other th^n prestige (e.g., opportunity for collaboration). Therefore 

* " one's positional location (either in academe or industry) becomes as key an 

issue in the productivity debate as skill or motivation. 

In response to Coles assurrption that: fewer publications rather than 

discrimination account for women's poorer showing in tJie scientific world 

than men's. Mason reflects on the issue of positional location: • 

For if wonen publish fewer articles than men because, on 
the basis of their gender, they are denied access to the 
"means of production", in, science- to research facilities, 
collaborative arrangements , graduate student as^sistants,, 
prof essional sponsorships , secretarial help, or time of f 

^Cole's data suggest that contrary to common ^ssunptions, v^omen recieve 
their training at distinguished universities as much as men (1979:213). 

ERIC 27 



-25- 



f ran teacMng- then to find that the immediate cause 
. of women's low status is their publication rate hardly 
proves that the reward system of science is universal- 
istic in any but the narrowest sense. Cole hiiteelf 
speculates that male faculty may be reluctant to sponsor 
fonale students because of the sexual motives of colleagues 
might attribute to their doing so, but he apparently 
fails to recognize that such situations, in vMch wonen's 
careers are determined not by their scientific talent or 
performance but rather by the mere fact of their being 
fanale, are indeed a matter of discrimination. Thus, 
to argue that science is basically fair because wcmen and 
men becane equal once their publicatiion records are taken 
into account makes no iiore sense than to argue f ran siirple 
sex differences that discrimination clearly exists. To 
draw sound inferences, the cAuse of women's low publication 
rates must be understood (1980:278) . , 

Zero order correlations cannot tell us much about the qualitative 
experiences women have as graduate students and fledgling professionals. 
-If such escperiences are different for men and women (and the growing number 
of biographical essays about women attest to that) then we must account for 
such realities in our discussions of productivity. Wonen's lo'wer rank 
than men's (even in Cole's data there is -an increase in the gap between 
women's and men's acadarac ranks as their careers progress) is another imr 
•portant positional difference between the sexes. For as Mason writes:^ "... 
rank has iitportant consequences for scientists' careers: for example, rank 
partly determines academic salaries and may also influence access to the 'means 
of scientific production"' (1980:278). To understand ^^^-nen's poorer showing in 
science v;e need to investigate the social processes which have led to this 
scientific state of .affairs. The realities women face in their day to day ■ 
lives as professional scientists may prove to be a far richer source of . 
■■'expiration than early sex role experiences, ability', or personality traits. 
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